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(57) Abstract 



A method and apparatus incorporat- 
ed in a magnetic tape drive serving as a non- 
video data processing peripheral provide for 
magnetic tape wear p rotec ti on during peri- 
ods of time when the tape is stationary rela- 
tive to a n filing head dnm around which 
the tape is at least partially wound. A var- 
iably patterned tape movement sequence 
and a tape protection sequence are initiated 
m response to a host^firectod tape stop in- 
struction thereby keeping the tape wear at 
any particular spot on the tape to a mini- 
mum. These sequences, wmle in force, may 
be overridden by a sub sequ en t tape move in- 
struction coming from the host. 
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AND APPARATUS FOR MINIMIZING TAPE WEAR 
IN A TAPE RECORDING AN D REPRODUCING SYSTEM 



FIELD OF INVENTION 

The present invention relates to magnetic tape recording/reproducing 
10 systems, and more particularly to a method and apparatus within such a 
system for protection against magnetic tape wear. 

BESQSIHTON OFTHE RELATED ART 

In recent years, super computers and high-end workstations have 
15 placed more stringent demands on large-scale mass storage devices especially 
regarding capacity and speed Magnetic disk peripherals, because of high 
data transfer rates, are currently being used as on-line storage for these 
systems. Magnetic tape drives, on the other hand, although offering virtually 
unlimited capacity and better cost economics than those of disk drives, suffer 
20 from low data transfer rates. 

By applying the state-of-the-art video recording rotary head 
technology to the high-end computing environment, tape drive information 
transfer rate shortcomings can be resolved, thereby making tape drives 
feasible as large capacity and low cost, potentially on-line mass storage 
25 devices. However, with its advent into the digital computing world where 
each data bit is critical, rotary head technology must address the question of 
magnetic tape wear protection properly without significantly compr om ising 
performance. 

Video tape recorders were first commercially available in the 1950^ 
30 primarily to compensate for the continental time differential in the US. These 
magnetic tape recording and reproducing devices revolutionized television 
broadcasting within a few years of its introduction. The Quadruplex 
configuration, in particular, used a rotary head method scanning transversely 
across a magnetic tape. Because of its video recording quality at the time, it 
35 had dominated the broadcast industry in the next two decades. 

i 
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In the late 1970s, the helical scan recorders took over the markets 
ranging from consumer to broadcast Instead of guiding a tape to mate 
transversely with rotating heads, as in the Quadruples system, fee tape is 
5 wrapped spirally around a cylindrical drum, containing either a centrally 
located rotating head panel or a rotating upper half to which the head tips are 
mounted. 

Both configurations have a high rotational head drum speed relative to 

10 the tape speed. Consequently, physical tape wear and tear generated by the 
head drum to tape contact remains a design concenv particularly during data 
processingon a tape which has been formatted in such a way that there is a 
higji probability of the tape stopping at the same location repeatedly. 
Therefore, during read and write operations, for non-video digital data, 

15 utilizing tape-rotary head technology for a computer peripheral, such as a 
magnetic tape storage device, the tape wear difficulty is intolerably 
exacerbated. Since a computer host has many tasks in a dd i t ion to catering to 
its peripherals, data read and write operations may require frequent tape 
stoppages in midst of data transfers. Moreover, these tape movement 

20 interruptions often times repeatedly involve head drum contact in the same 
tape areas because of the way the data is logically formatted. For example, 
typical physically positioned areas of the tape format correspond logically to 
the beginning of tape (BOO, beginning of file (BOF>, end of file (EOF), end of 
record (EOR) and multiples of data transfer buffer size from BOF, or from 

25 EOR in a partitioned tape arrangement During data file read and write 
operations on tapes having sudi a format, such tape markers are u tilized for 
the initial tape positioning for performance of read and write operations 
thereafter, as a consequence of which there is a high probability of repeated 
contact between the tape and head drum at these particular locations. It is 

30 these tape to head drum contact areas where repeated tape movement 

stoppages occur that occasion excessive tape wear such as helical scratches, 
oxide losses, and tape breakage, any or all of which may result in un- 
corrected errors arising from tape wear in the data processing environment 
and which may render the entire data file in question useless- A need 

35 therefore exists for reducing tape wear resulting from a stationary magnetic 
tape in contact with a rotating head drum without significantly affecting die 
data transfer performance. 



WO 93/21630 



PCT/US93/03319 



In accordance with an aspect of the invention, there is provided a 
method and apparatus for reducing magnetic tape wear resulting from 
factional contact between a stationary magnetic tape and a rotating head 
drum* 

5 

Another aspect of the invention is to provide a apparatus and method 
which can be utilized without significantly affecting the data transfer 
performance. 

10 SU MMAR Y O F THE INVENTION 

The foregoing and other objects are accomplished by providing a 
method and apparatus for magnetic tape wear protection during periods of 
time when the tape is stationary relative to a rotating head drum around 

15 which the tape is at least partially wound. Immediately upon a host-initiated 
cessation of die tape movement, while idling, under control of a processor, an • 
event and a signal are initiated. The event being an initiation of a time out 
period and the signal being a signal to enable commencement of movement of 
the tape at a slow speed in accordance with a predetermined programmable 

20 pattern or sequence. With the tape movement pattern continuing for the 

duration of the time out period, after which, if there has been no intervening 
data transfer instruction, a time out signal is generated initiating a tape 
protection sequence which includes disengaging the tape from contact with 
the head drum. Normally, in the case of writing on a new tape, such 

25 movement would be a slow reverse movement for the duration of the time 
out period, since the tape marking events, such as formatting on the tape 
BOF, EOR and die like, are normally written during the first write of new 
data on the tape. 

30 This motion reduces the risk of tape attrition damage on a particular 

tape segment while the tape drive is idling. This variably patterned tape 
motion can also keep system performance loss to a minimum by having the 
tape segment in contact with the rotating head drum remaining in close 
proximity to the position at which the tape had originally stopped. 

35 Furthermore, this invention can be implemented simply and inexpensively. 

Accordingly, the present invention relates to apparatus and method for 
tape wear protection of a stationary magnetic tape segment in contact with a 
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rotating head drum during or in between information transfer, which 
indudes the operative steps f: a) receiving a tape movement control signal 
such asa tape stop signal; b) controlling a variably patterned tape movement 
sequence dependent on the tape stop signal; and c) moving a magnetic tape 
5 responsive to a command issued controlling the variably patterned tape 
movement sequence. The variably patterned tape movement sequence 
comprises a variety of tape movement patterns, for examples, moving the 
tape in a tape reverse direction, moving^ 

moving the tape in both directions about a particular tape segment, movix^ 
10 the tape in a continuous manner, moving the tape intermittently, and etc 
Preferably, the motion is continuous at a "creep" speed level in a tape reverse 
direction* 

Logical tape addresses are read and stared as the tape moves in 
15 accordance with the established sequence or pattern. The speed offlie tape 
movement is adjustable but preferably dower than the typical tape 
read/write speed fOT better system p 

has exceeded a pre-spedfied amount of time, a tape protection sequence may 
be executed including but not limited to a tape unthreading sequence 
20 separating the tape from the head drum- 

A data read or write signal initiated by the host or other peripheral 
devices during the tape movement sequenoe, but before the time-out period, 
will act to override either the movement sequence or the tape protection 
25 sequence. More specifically, either sequence wotdd be in force until the 
external processor is ready to communicate with the tape drive once mare. 

The above objects and advantages of the present invention will become 
apparent to those skilled in the art after having read the following detailed 
30 description in conjunction with the accompanying drawing 
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BRIEF DESCRIPTION OF THE DRA WI NGS 

Figure 1 is a functional block diagram depicting a portion of a 
processor-controlled tape drive apparatus including a tape servo mechanism 
which is controlled in accordance with the preferred embodiment f the 
invention. 

Figure 2 shows a segment of a digital data tape having a logical data 
format for use in the apparatus of Figure 1. 

Figure 3 is a block diagram of a tape protection sequence apparatus in 
accordance with the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS) 



Referring now to the drawings, and more particularly, to FIG* 1, there 
is shown a tape wear protection apparatus, generally designated 101. The 
apparatus includes a tape movement module 100, a central processing unit 
(CPU) 1 06, and a tape transport assembly 103. The apparatus may be a part of 
20 a magnetic tape drive. 

As illustrated in FIG. 1, the tape movement module 100 is 
electronically connected to a system bus 104 via a path 126 and to the CPU 
106 via a path 102. The tape movement module 100 preferably includes digital 

25 logic receiving a tape movement control signal on a regular basis, eg. every 
80 ms, from the system bus 104. Types of the tape movement control signal 
can be deciphered in die tape movement module 100. Of particular interest to 
the present invention is a tape stop signal and a tape move signal. Both 
signals can be either direct and express commands off the system bus 104, e.g. 

30 a TAPE STOP instruction, or indirect and implied, e.g., SEARCH EOF, 

BUFFER FULL. Regardless, both are related to the CPU 106 through die path 
102. Another embodiment may merge the tape movement module 100 into 
the CPU 106. 

35 The CPU 106 is connected to the tape movement module 100 via the 

path 102 and to the tape transport assembly 103 via a path 108. Moreover, the 
CPU 106 is capable of receiving a plurality of tape position information from 
the system bus 104 via a path 110. 



WO 93/21630 PCT/US93/03319 



In one embodiment, a tape stop confirmation may be obtained from the 
tape transport assembly 103 via the path 108 after a TAPE STOP signal is 
applied to the CPU 106 via the path 102 frcmi an external soinre. After the 
5 tape is halted, while the magnetic tape drive idles, the CPU 106, via the path 
1 08, applies specific tape movement instructions constituting a variably 
patterned tape movement sequence to the tape transport assembly 103 which ' 
comprising a servo logic 112 and a capstan 116- Because the tape transport 
assembly 1 03 operates in a manner which is known in the art, other transport 
10 gears associated with the servo logic 112 and the capstan 116 are not shown in 
HG. 1 for simplicity sake. The capstan 116 moves a magnetic tape 120 
preferably amtmuously ma 
eg. 6% of the read/write speed. 

15 As illustrated in FIG. 1-3, the plurality of tape position information is 

generated preferably from a plurality of read heads an a scanning head drum 
118 as a portion of the magnetic tape 12Dmoves across the head drum 118. 
The tape position information is proces 

system bus 104. As stated above, read heads typicanyare xnountedanorin 
20 the head drum. For purposes of simpHciiy and darity, one representative 

head 122, separated from fee head drum 118, and its associated read logic 124, 
are shown ihFia 1~ Data is preferably read ftom the tape 120 in heKcal scan 
format* 

25 A magnetic tape segment, generally designated 200 in FIG. 2 with the 

helical scan format includes three control tiads 208, a beginning of tape 
CBOT) 206, a user data zone 202 and a nanruser data zone 204. The read head 
122 and its associated read logic 124 generate the tape position information 
from one of the control trades 208 such as a physical address track, before 

30 ddivering it to the system bre 

information off the system bus 104. At any time, the CPU 106 would know the 
exact location of where the tape 120 is in relation to the head drum 118. 

The CPU 106 monitors elapsed time from the onset of the variably § 
35 patterned tape movement sequence. When a pre-sperifipd amount of time, a 
time out period, is reached, the CPU 1 06 generates a time-out signal causing a 
tape protection sequence to occur. To avoid any damage to the user data zone 
202, this tape protection sequence includes but not limited to a search for the 
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tape non-user data zone 204 such as the tape's system zone, a search for die 
beginning of tape (BOD 206, and a separation between the magnetic tape 120 
from the head drum 118. 

5 As an example, a magnetic tape separation from head drum 

•unthreading 1 apparatus is shown in FIG. 3. Particularly, there is shown a 
head drum 118, a 4 tilt v threading guide 312, 318 and a helix threading guide 
314, 316 of the type as utilized for example in a digital video signal tape 
recorder/playback device VPR-300, manufactured by Ampex Corporation. 
10 Details of that particular device are described in VPR-300 Series Video 
Production Recorder Service Manual, Volume I, Catalog No. 1520528-02 { 
issued by Ampex Corporation, Redwood City, California, August 1989. 

As a magnetic tape 120 is halted while the head drum 118 continues to 
15 rotate, the CPU 1 06 initiates the variably patterned tape movement sequence 
and die time monitoring. This embodiment, lata:, in response to the time-out 
signal, would first move the tape so that the head drum contacts the tape 
system zone, if none, then the beginning of tape (BOD, after which, move the 
'tflf threading guide 312 and the helix threading guide 314 to their 
20 unthreaded positions, 318 and 316, respectively, whereby separating the tape 
120 from the head drum 118. 

Lastly, while either the variably patterned tape movement sequence or 
die tape protection sequence is in force, once the CPU receives the tape move 

25 signal from the tape movement module 100 via the path 102, an override 
occurs. The CPU 106 would cause the tape transport assembly 103 to stop 
either sequence. Necessary servo parameters such as tape direction and 
distance would be calculated from the tape position information and a 
destination address obtained from the tape move signal The CPU 1 06 would 

30 then command die tape transport assembly 103 to move the tape 120 
accordingly. 

While this invention has been described in terms of preferred 
embodiments, it is contemplated that persons reading the preceding 
35 descriptions and studying the drawing will realize various alterations, 
permutations and modifications thereof. It is therefor intended that the 
following appended claims be interpreted as including all such alterations, 
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pennutatioiis and modifications as fall within the true spirit and scope of the 
present invention. 
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What is claimed is: 

1 1. An apparatus for reducing wear of a segment of a magnetic tape 

2 in contact with a rotating head drum, which comprises: 
3 

4 means for receiving a tape movement control signal including a 

5 tape stop signal; 
6 

7 means for controlling tape movement dependent on said tape 

8 movement control signal including initiating a variably patterned tape 

9 movement sequence responsive to said tape stop signal; 
10 

11 means for moving said magnetic tape relative to said rotating 

12 head drum responsive to said controlling means. 
13 

1 2. The apparatus of Claim 1 wherein said controlling means 

2 includes a programmable control means. 
3 

1 3. The apparatus of Claim 2 wherein said controlling means 

2 receives during the variably patterned tape movement sequence a plurality 

3 of tape position information from said tape. 
4 

1 4. The apparatus of Claim 3 wherein said controlling means 

2 monitors elapsed time of said variably patterned tape movement sequence 

3 from its onset and generates a time-out signal responsive to said elapsed time, 

4 thereafter causing an initiation of a tape protection sequence. 



5 

1 5. The apparatus of Claim 4 wherein 

2 

3 said tape movement control signal including a tape move signal; 

4 

5 said controlling means, responsive to said tape move signal, 

6 overriding said variably patterned tape movement sequence and said tape 

7 protection sequence. 
8 
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1 6. The apparatus of Claim 5 wherein said tape protecum sequence 

2 includes a search sequence for a non-user data zone an said magnetic tape. 
3 

1 7. The apparatus of Claim 5 whei^ said tape protection se^^ 

2 iiuiudes a searti sequence for a beginning of tap^ 

3 tape. 
4 

1 g. The apparatus of Claim 5 wherein said tape protection sequence 

2 mchides a separatim of the magnetic 

3 drum. 
4 

1 9. The apparatus of Claim 5 wherein said variably patterned^ 

2 TPf¥»»rra*"f y><ponr^ faffon*** a TnagnpHc tape motion in a generally slow 

3 speed, 

1 10. The apparatus of Qaim 9 wfaerem 

2 travels oantiitaously in a tape reveise direction. 
3 

1 11. A method for reduring wear of a segmented 

2 contact with arotating head drm^ 
3 

4 receiving a tape movement control signal including a tape stop 

5 signal; 
6 

7 mrrfrrJlfn^ tapp movement dependent on said tape movement 

8 control signal i n^idmg miiiatmg a variably patterned tape movement 

9 sequence responsive to said tape stop signal; 

Xi mo ving said mag netic tape relative to said rotating head drum 

12 responsive to said controlling means. 

13 

1 12. The method of Claim 11 wherein said controlling st^indudes. 

2 the step of programmable controlling said tape movement 
3 

1 13. The method of Claim 12 wherein said controlling step in c lu des 

2 the step of receiving during said variably patterned tape movement sequen ce 

3 a plurality erf tape position information ftom said tape. 
4 

10 
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1 14. The method of Claim 13 wherein said controlling step includes 

2 title steps of monitoring elapsed time of said variably patterned tape 

3 movement sequence from its onset and generating a time-out signal 

4 responsive to said elapsed time, thereafter causing an initiation of a tape 

5 protection sequence. 
6 

1 15. The method of Claim 14 wherein 

2 

3 said receiving step including the step of receiving a tape move 

4 signal; 

5 said controlling step including the step of overriding said 

6 variably patterned tape movement sequence and said tape protection 

7 sequence in response to said tape move signal. 
8 

1 16. The method erf Claim 15 wherein said tape protection sequence 

2 includes a search sequence for a non-user data zone on said magnetic tape. 
3 

1 17. The method of Claim 15 wherein said tape protection sequence 

2 includes a search sequence for a beginning of tape, BOT, of said magnetic 

3 tape. 
4 

1 18. The method of Claim 15 wherein said tape protection sequence 

2 includes a separation of the magnetic tape from contacting said rotating head 

3 drum. 
4 

1 19. The method of Claim 15 wherein said variably patterned tape 

2 movement sequence includes the step of causing a magnetic tape motion in a 

3 generally slow speed. 
4 

1 20. The method of Claim 19 wherein said magnetic tape motion 

2 travels continuously in a tape reverse direction. 

3 
4 
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